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Abstract : The acenaphthene(ACE) or acenaphthylene(ACEL) -is one of the most
frequently found compound in polycyclic aromatic hydrocarbon (PAH)-contaminated soil. In
this study, we make 10 mg/L. ACE or ACEL in ethanol which is the model washing solvent
for contaminated soil. This was followed by Fenton treatment in which 0.2 or 0.3 mlL of 30
% HyOp and 0.2 ml of 0.5 M Fe” were added. The results showed more than 83 or 99 % of
ACE or ACEL removal efficiency, respectively. Additionally, we employed GC-MS to identify
the main oxidation product generated by the optimized Fenton oxidation [i.e., ACE or ACEL
degraded in to 21, 34 % 1,8-naphthalic anhydride(NAPAN), repectively]. It is expected that
biodegradability of NAPAN 1is enhanced because NAPAN has three oxygens compared with
ACE and ACEL. Therefore the results suggest that the hybrid treatment system (ie,
ethanol washing -Fenton oxidation treatment) can be effectively applied to remove ACE or
ACEL from soil..

Keywords: acenaphthene, acenaphthylene, Fenton oxidation, optimal treatment conditions,
oxidation products.
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Table 1. Analytical conditions of HPLC-UV
Pump LC10AD (Shimadzu)
Detector UVR000 (Tosoh)
Column TSK-gel ODS80Ts (Tosoh, 250 mmx4.6 mm)

Column temperature | 40C

Flow rate 1.0 mL/min

Injection volume 100 uL

Elution

(a) 0.1% Phosphoric acid in water
(b) 0.1% Phosphoric acid in CH3;CN
35%B gradually increased to 40% at 40 min, to

10026 at 80 min
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Table 2. Analytical conditions of GC-MS
Gas chromatograph HP 6890 (Agilent)
Column HP5-MS (Agilent, 30 mx320:Um, 0.25 Um)
Carrier gas He (99.9999%)"C1.3 mL/min
80C (3 min)-6C/min-175C (1 min)-5C/min-280C
Oven temperature .
(5 min)
Injection mode Splitless
Injection volume
Injection temperature 250°C
Mass spectrometer HP5973(Agilent)
Tonization mode Electron ionization(EI)
Table 3. ACE @ ACELY Ex 7% 4 E 354 54
Molecular | Molecular Boiling Vapor pressure at ..
Name structure weight | point (C) Log Kow 25T (mmllg) Toxicity(rat)
acenapht '
hene OO 1542 279 3.92 155x10° NR
(ACE)
acenapht a
hylene 152.2 280 4.05 NR 0.61.7 g/kg
(ACEL) ,
NR: Not reported
Fig. 1o] vehd RAXH ACEY 45 H0: 03 Aol wWl$ g& OH fdy#Ee] Hi, #HYe
mL, 05 M Fe¥ 02 mL #718& o A7&  Fe's OH ozt whgstef(4] 3, 4 4) B
88.2%7F LolA i, ACELS A% HO:7F 02 wkgAo] v¥re OH, OH 7} He Aoz %
mL, 05 M Fe 02 mL #718S o AAe  do3l
99.4%7} AojFrt. ol éﬂri—ra ACE ¥
ACELY AAgd "= AFe H07t F¥  Fe¥ + B0, — Fe + OH + OH (1)
Bt AtE AL & 5 AUk I HAH H:0; + ' OH — H.0 + "O:H (2)
Oy, Fe A7bao] A8 olf A AEW®  OH + B’ — HOy + Fe” 3)
2o os) AA® OHET)ZHA Do), Bdoz  OH + Fe” — OH + Fe” (4)
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Fig. 1. Removal efficiency of ACE or ACEL
with various additives of 30 %
H:0x(a) or 05 M of Fe™'(b).
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Fig. 2. Effect of Fenton oxidation on removal
of ACE or ACEL. The solid line
indicates regression analysis results.
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Table 4. Summary of Fenton oxidation of ACE or ACEL in ethanol

Removal Recovered reaction Reaction Rate
PAH Reaction product . . o products/de-crease-PA constant
efficiency (%) o order -1
Hs (%) (min™)
ACEL 1,8-naphthalic 99.2 346 Pseudo first| 0.216
anhydride(NAPAN),
ACE ] 838.1 21.0 Pseudo first| 0.060
n
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Fig. 3. Total ion chromatograph of GC-MS after Fenton oxidation of ACE(a),
fragment pattern(b), and library comparison(c).
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Fig. 4. Total ion chromatograph of GC-MS after Fenton oxidation of ACEL(a),
fragment pattern (b), and library comparison(c).
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